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person or corporation , or conveying any rights or permission to manufacture, use, or sell any

patented invention that may in any way be related thereto.

This report has been reviewed by the Information Office (01) and Is releasable to the National

Technical Information Service (NTIS) . At NTIS, it will be available to the general public, Including

foreign nations.

Project Engineer
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20. accesses/word between refreshes, (5) unpowered nonvolatile data storage
one-year minimum, (6) common data inputs/outputs compatible with 400 series
CMOS and 5400 TTL , (7) data outputs high impedance when memory deselected,
(8) oper~’ting temperature ~SS AC to +125°C , (9) power supply requirements of
S volts ±i.5 Volt DC and 28 volts ±1,5 volts DC at 10 milliamps maximum
current.

A small quantity of memories selected from three production lots to demonstrate
reproducibility were delivered to AFAL . Prior to shipment, a design and device
parameter test program was conducted to verify conformance to the above para-
meters.
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PREFACE

This report was prepared by Wayne P. Peck, Electronic Communications, Inc., St. Petersburg,
Florida. The memory was designed and fabricated at NCR’s Microelectronics Division located in

- 
Miamisburg (Dayton), Ohio. Dr. Wendel Spence was the Project Coordinator at NCR and George C.
Lockwood was the Project Engineer responsible for the design and development of the memory at
NCR . The developed memory, NCR 2050, was accomplished under Contract Number F33615-75-C-
1108, during the period November 1974 through July 1975. The AFAL/FEA Project Engineer was
Dr. F. L. Schuermeyer, and the AFAL/TEA Memory Technology Group Manager responsible for

• the project was John M. Blassingame.
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Introduction

An e lec t r ica l l y pr~~ ia m mahle , non-vo la t i l e  semiconductor  mem ory organized 16-bit paral lel  x 32
words was  developed by th i s  p r ogram.  The main objective of t h i s  program was to develop a memory
for  use in channel  p r e s e l ec t applicat ions to control the f requenc y in C L I F communicat ion  systems.
Core memories are p r e s e c c t l v  being used in channel  preselec t lpp l i c : ht i  - c s: a semiconductor memory
w ould permit cost and p w er  reduCt il) II and svould i c I c r i c i se  re l iab i l i ty .  This development p rogram re-
sui t ed i n t he design , fabrication , and charac te r iza t ion  of f i f t y  28-p i n dual u i - l i n e  integrated circuit
memo ries. Producib i l i tv  of these c i rcu i t s  was demonstrated by fabr ica t inc  these p ar ts  f rom three
separate production lots , thus . i n su r i n e  tha t  part s f rom fu tu re  lots wi l l  hav e ~.imi i ar and p redictable
ch a rac te r i s t i c s .

Task

A f u l l y decoded , 512—hi t (32x 16) MNOS ele ctri ca lly al terabl e  read only nhl ’flc rv was developed.
ofThe memory includes address buffers , t iming buf fe rs , row decoders , c o l u m n  detectors , and inpu t

output c i rcui t ry .  The fe atures of this integrated c ircui t  memory are-

a. E lec t r ica l ly  Programmable
b. Elec t r i ca l l y E rasable by Word
c. Sixteen—bi t Paral le l  x 32 Word Organiza t ion
d. 100 MS Erase Time

~ lOOMS ~ r i t e  Ti m e

f. Ej ~ ht Mj i f I l S e e I c f l t l  Read Ti me
L I  11

ii . . Wo rds are capable of 2 ~ 10 Read Access Word Between Refreshes
h. U npowered N on-vola t i le  Data Storage One Year M i n i m u m
i. Al l  inpu ts and Outputs Compat ib l e  wi th  4000 Series  (‘ L’1,I OS

j. ( Instill III Data Input , Output • 
-

k. Data Out puts are High Impedance when M e n i l I r v  Desel ecte d
1. l h c w l - r  Supp l y ~5 V o l t s  - .5 Volts DC and 28 Volts 1.5 ‘v o l t s  DC .i t  10 MA \1:lximum

m. Operat ing  Te mpera ture  -55 C to • 125 C’

The me m or y  is nII ( c c c l I - c l  in a 28-pin DIP ceramic  packa ge. Pin count and func t ions  are:
Co mmon Data Input Output— — 16 pills ( \ IOS Compa t ib l e  5 V I P  Supply

h. A d I 1 r I - ~~ — 5 pins (XTOS Compatible 5 V I I I  Supply

c. M d l i  ( 1 1 1 1 1  rId read W I I I I’
rasf . chip S I - I l l - I  - 3 pills ( MOS Compatib le 5 \‘I l l t  Supp ly

d. Clock 1 Pin  ( - \1OS ( o mpa t i b l e  S V o l t  Supply
Subst rate — 1 P itt  5 V o l t s  ~.5 VI lts III 10 MA Max

f .  Power Su p p ly  — I I ’ i Ic  —28 ‘vo lt il .5 ~‘ I l s  (1 10 MA \Iax

P 
~~ , Gi nttcd  1 Pin

E’i f t v  f u l l y  operat ional  memories  were delivered I l l  A I-A L TEA-LI . TicesI- memories were selected

f rom I tr ee  different Icl i rlI - c I I  ion lo ts  W i t h  at l t-itst ten mem ories selected from each 1 the three fa b r i—

1
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cation lots. Each of the f i f t y  memories  delivered II )  —\ F.-\ I w e r e  f u n c t i o n a l l y  tes ted - l v e r  t h e  fu l l  mili-

t a ry  t empera tu re  range , -55 °C to ~ 125 5 C, at m i n i m u m , nomina l , and m a x i m u m  power supp ly voltages .

Design Verif icat ion

The memor ies  wi re e l ec t r i ca l ly  evaluated to obta in  the  react t i m e , w r i t e  t ime , erase t ime  re-
I , it 1-111 arid endu rance .  See Tables 1 th rough  5 for  t h ese e lec t r i ca l  c h a r a c t e r i s t i c s . )  The opera t ing

l imits  ~ cc the  I I n l p e l - cIt u re  ran ge from —55 °C to - 12~ C are c z ive cc in Table 1. Power supp ly cu r ren t

is plot ted versus  t -  m1c . - r a t u r e  and VI l l a g e  for  r ea d icc c. a nd \s i -it in c  in Table 2 , Fi~ u r Ic s 1 and 2. Data

output cu r n - c c  c a p a b i l i t y  f l i t  a f i x e d  c c l  pu t  level of 0.8 V I t s  is p lotted s c - i - s its  t e m p e r a t u r e  and power

supp l y vnl ta cz e in T I l l I l - 2 , F i c c u r e  3. Peak power dissipation du r ing  w r i i i c c  is p lotted versus tempera-

ture and power supj lv vol t ace  in Fj l c l c  - 2 Fi eu re 4 . Volat i i  its ’ nseasur ern l - cc t s a n: plotted in Tables

3, 4 . and S. The I d a t )  l i t  v m l - a s u r e t n t n t s  i nd ica t e  I L  ic  ret  c c c l  i l l  iS g r ea ter  than  one v ia i ’  in a 125 C

ambient .  A mem rv w r d  was  Subjected to 1. 1 x w r i t e -er a s e  cyc les at 125 C to conf i rm the

io 6 
W r i t e -  e ras l-  e n d u r an c e  r e q u i r e m e n t .  Tb \ v r i l t e : c  w or d  was Still  a l t - r : I h l e  a n d  the  r emainder  ccl

t i l l -  fl51 ns lrv St i l l  c cc l  a i t c ~ d I l l  i n i t i a l  da ta .  i c  conf i rm the  2x10 r ai l  accesses ‘word between r l - —

Irt - s i requirement , a nil-ni c ry word was read in excess of 2 x 10 11 t imes . The read word was una lt e r  -

ed and I t o  r ema inde r  III  the  nl en lc rv s t i l l  conta ined  the  in i t i a l  data.

- - Device V e r i f i c a t i o n

The f i f t y  des-ices shi pped were f u n c t i o n a l l y  v e r i f i e d  by test . A mens orv exerciser  was spec ia l l y
1designed and cons t ruc ted  for  t h i s  purpose. File e x e r c i ser  is ( ‘on st r uc te (I  to test  ten meni cr v  devices

- I a t a t ime.  The ten memories  are inserted i n t o  a t es t  h l a r d , w h i c h  is ~t i u g L s h l e  through a pa tch  cable

into the memory  exerc i se r .  Three test hoards and patch cables were const ruc ted  to p e rmi t  tes t ing  of

t h i r t y memory  devices in a ha t ch .  Thus , t h e  t h r e e  test hoards can he p laced in to  an e n v i r o n m e n t a l

chamber  to permi t  th i r t y devices to he t e m p e r a t u r e  tes ted , at I I I  b O ll . T I c e t e s t  boa rds are pl ucced

one at a t ime into the  exerciser for  a sequerl et- of tes ts .  N o r m a l l y . I I I -  ( x e r I - i s e r  is (iperated in the

au toma t i c  mode in which  the dpI-rat c r  initiates an au toma t i c  sequence of tes ts  Icy depressing the
“w r i t e  push but ton.  The ex erc i s e r  w i l l  also manua l ly  w r i t e  or r I - ac t  a s i t c i c l e  word selected by the

operator. When in manua l  mode , the operator can w r i t e  any  desired hi t  p a t t e r n  in to  any word in a

selected memory ,  just  as c i t c  operator woo 1( 1 if the  mem ory  wer e  act  s t a l l s ’  in a control  box app l ica t ion .

A u t o m a t i c  t - x&- r c - is -r operat ion is as fol lows:

- A p a t t e r n  is w r i t t e n  into  the  m e m o r i e s  111c c w c c rd  at a t ime . s t c t c t e c c c i r c - c t h r o u g h  the 32 W I F - t i —

T hus , the p a t t e r n  i s  w r i t t e n  into 32 words of t h e  memory  and a l l  16 hi ts  of each word.

T his  w r i t i n g  s e q c l l t c c - ( I c - curs  s i m u l t a l t l -  d I M l y f l ’  a l l  t en  d I - v i l e S  on t h e  test card.

1. The memory exerciser was designed and e l I t I s t  r Io I I I  On a n  F f 1  l H b ~- l) l u - n -r a nt f o r  pdc I]S II 5( ’s

( If  lxp ( (li t ing the dev ic e  It-st ing ( I l l  th e  A F A  l P r o — r a m .

2
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Device V e r i f i c a t i o n  (Cont inued)

2. The test  pat tern  is then read , s ta r t ing  w i t h  the  f i r s t  memory  and the f i r s t  word , sequen c in co

throu gh  the  32 words of the  f i r s t  memory.  The exerciser  then steps to the next memory  and

sequences through i ts  32 words.  This process  is then repeated unt i l  all  ten memory  devices

are read. A l l  16 b i t s  in each word read are compared a c c a i t c s t  t h e  pat tern w r i t t e n  in to  the

m e m c l r y .  In the  e v e n t  that  a hi t  is read inco r r ec t  lv .  the exe rc i se r  hal ts  the sequence ,

i l l u m i n a t e s  in e r ro r  indicator  and disp lays the device n i u m b e r , wl l rd  n u m b e r  and bit pat tern

r e a l .  The operator can verify the er ror  and con t inue  the  sequence to check for o ther

discrepancies.

3. Steps 1 and 2 ar e  repeated for  each of fou r  pa t t e rns .  The four  pa t t e rns  wr i t t en  into and

read f rom the memories  are:

a. Al l  Zeros

b. All  Ones

c. Checkerboard (10 even words , 01 odd word)

d. Inverse Checkerboard (01 even w ord , 10 odd ~v or d s d

4. Steps 1, 2 and 3 are repeate d for  each of three  power supp ly voltages. The three power

supp ly voltages are:

$ 1 a. Nominal 28 Volts DC

h. High 2 9 5  Vol t s  DC

C . Low 26 .5  Vol ts  DC

5. Steps 1, 2 . 3 and -1 are repeated for each of two clock pulse wi d ths .  The clock pulse t v id t tns
are:

a. 0.5 user

h . 1.0 usec

1; . Steps 1, 2 , 3. 4 and S are  r I - p t - c I t e d  f or  each of t h r ee  ambient  t empera tu re s .  The amb i t - c l i

t e mp e r a t u r e s  i r e :

a. 125 °C

b. 25°C

c. -55°C

A block d iag ram I l l  the I - SI  se q c c l - c c c I - is shown in F igure  I and a block d iag ram of the  memory

e x e r ci se r  is shown in Fi ~ c c i a ’ 2. Test resul ts  are summarized in Tables 6 t t c r c c c c : t c  9. N o t e :  Al l

devi ces w er e  functionally tIs t I -d by N(ht at room temperatures with a F a i r c h i l d  Sent ry  I. C. test

s t a t i o n  prior to the  f u l l  t emper a t cc i - c  r : I n c c : I -  t e s t s .

3 
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- j F u c c c t i o n : c t  I c t - c  i - c i t a t i on

The mt - n n c c r v  has four  modes of operat ion read , hold , wr i t e , a nd er : Isc - . These modes

are se lec ted  by app lying the logic levels sho\v n in Table 10 to Cont rn l  I and ( li t  r I  2. The m c dl -  of

operation a f f ec t s  only the word addressed by a 5-bit b i n a r y  word , app l ied I I I  t h e  address i n p u t s .

Data is e i ther  a s -a i l a b l e  at the 16 data b i -d i r ec t iona l  pins its read mode I n app l ied  d l  t he  16 hi-

direct ional  data pins in I.s l ’ i te mode. Data ou tputs  go d i r e c t l y  t o  the correc t  s ta te  an Ol  a re  -c i t  h r I e

dur ing  mulb p ie reads. Data outputs  change w i t h i n  line microsecond of each o the r .

F igure  3 i l l u s t r a t e s  the suggested t iming  re lat ionships  l c e t w e l - c c  the cont rol logi c l e v i - I s  and t h e

data input  output  logi c levels.  Only  one clock pulse is r e qu i r ed  d u r i l i c  each read I c p e r a t i l n n :  t he

clock may Ice present at all times or may he absent duric :.: h l c i d . wr i t e  I Ir  c - r a su -  if the clock is held

lüv - Vcc c . The clock pulse should be high Vss d for  a m i n i m u m  f l ice mic rosecond and should hav-

a m i n i m u m  r ep u - t it i on  rate of 10 microsec onds between t r : i n i s i t  i c  

Chi p select is a control signal which can he used to deac t iva t e  the m e mor y  to pe rmi t  mul t i p le

m I - m I n es to he wi re  OR’d together  and selected one at a t ime , or whir ls  can he used to d e a c t i v a t e

the : cd -nc c r y  when contro l  s ignals are u n c e r t a i n  ctu ni nc c power up or power down. When chip se lec t

is low Vcc- ( t he  m e m o r y  cannot  be erased or w r i t t e n  regar d less of the state of Cont rol I and Contro l

2. F i c c u r n - 4 is a block diagram of the memory  c i r c u i t r y  which  cats bI- used I c c  i n te rpre t  the schema’ cc -

d iagram of the memory  c i r c u i t r y  shown in Figure 5.

Summat-y

The c c h c l - n - I  i s e  of t h i s  lir e r an t  to c lu - s i e c i , to develop amid to f ab r i ca t e  a fully decoded M NOS

e l e c t r i c a l l y  ci I t i - r a l c l i -  react only m i - n o d  c r y  chi p for  the  pui’pose of d e m o n s t r a t i n g  the  t echn ica l  fc-asntn 1 i i •

of I h I S  I -cpe c c i  mem - I n  v in the  r \j  r Fo i - - e  Systems was m e t  - The EROM . develrlpec l in t h i s  p rogram .

can h i - used in c tc , inne l  c r l - s I - i I - c  memory app l i c a t i l l n S  I c c  reduce cost , power and size f r o m  the ~c n I -  -

s u - n c t l v  u t i  h i , t - d  c - r d - r n d t - m c c r i t s . The F-110M dIt\eldcpl - d is more  con spa t i b t e  w i t h n  T 2 L and CMOS logic

cli- d i d - I S  than  ( d I r t  t i c  - n d d r t c - s . p e r m i t t ing  simp l l - r  & x t  ernal  c i r c u i t s  to  u t i l i z t -  t h e  men-to ry ,  iii. - n —

h i a b i l i t  v of cl i c c i c l - l  p r t sI lI d’ t me m ur i l - s  u s i n g  the  EROM m e m c c r v  i s  i nhe ren t  lv  as r e l i ab le  as a i ~’

n c t l e r ; I ! e d  ci ~- u i t  devsc and is d c  I s n c l l t e c t  to the  f a i l u r e  m e c h a n i s m s  of mac :IIi - t i I - f l t t f l t d d r l l S  such

as w i r e  h c r t - : I k c t c c t d c i i -  I m e c h a n i c a l  .t rt -ss induced  Ic v ib r a t i on , shock an d  t h e r m a l  cyclin g .
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TABLE 1. EROM E LEC TRICAL CHARACTERISTIC S

I. OPERATING LIMITS: .55°C TO +125°C ALL PARAMETERS
EXCEPT ONE UNDER TEST ARE AT NOMINAL.

PARAMETER MAX. TYP . MIN

VGG WRITE-ERASE .26 .28 .30

VGG READ .26 -28 .30

V~5 +5.5 +5.0 +4.5

~~~ 0
ADDRESS HIGH +5.3 +5.0 +2.6*
ADDRESS LOW +0.8 0 .10
CONTROL 1 LOW +0.8 0 .10
CONTROL 1 HIGH +5.3 +5.0 +2.7*
CONTROL 2 LOW +0.8 0 -10
CONTROL 2 HIGH +5.3 +5 +2.4

- I ‘ CHIPSELECT LOW +0.8 0 .10
CHIP SELECT HIGH +5.3 +5.0 +3.0*
DATA INPUT LOW +0.8 0 -10

- d DATA INPUT HIGH +5.3 +5.0 +2.4
4 I CLOCK LOW +0.8 0 .10

CLOCK HIGH +5.3 +5.0 +2.5*
CLOCK WIDTH 1~~ s SOO ns
ACC ESS TIME 6~t...s 6~~s
POWER 300 MW 200 MW

*THESE PARAMETERS DO NOT MEET THE MINIMUM TTL
HIGH LEVEL OF +2.4V AT 125°C. AT 25°C ALL PARAMETERS
EXCEPT CHIP SELECT HIGH MEET MINIMUM TTL REQUIRE- 

- 
-

MENTS. 

5~~~~~~~~J7
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-rABLE 2. EROM ELECTRICAL CHARACTERISTICS

-9 -—  — -55°C

-8 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-i

~~~~~~O°C
— — — —  -6 — — —

- 25°C
-6 — — - -~~~~~~~~~~~~~ --- 

.
~~ —~~~~~~~~~~~~~~ - - — —

1 GG 1GG 
0 25°C

MA 

.26 
-

~~~~~~~~ 
.28 -30 

125°C MA 

-2 

.26 -28 -30 

125°C

— 
V GG (VOLTS ) VGG (VOLTS)

FIGURE 1. 1GG WRITE VERSUS V GG FIGURE 2. 1 GG READ VERSUS V GG
V

~~~
=+5 V~~~=+5

2.0 - — — — — 
~~~~~~ 0°C

1.9 - — ~~~~~~~~ ~~~~~ — 300 - — 74 -55°C

1.8 . — — — — 25°C —

25°C
(MA) 

1.7 ‘ — — — — 200 — — — —
4 ’  POWER 4— 

, 4- 
125°C

1.6 125°C (MW )

1.5 ;pI0l~~~~~
_
~

__
~~ 

100

1.4 -

-26 -28 -30 .26 -28 -30

- i

_ VGG (VOLT S) VGG (VOLTS)

FIGURE 3. OUTPUT TTL ‘0’ CURRENT FIGURE 4. MAX POWER DISSIPATION
VOUT = +0.8 V VERSUS V GG ~~~ +5
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TABLE 10. CONTROL iNPUT TRUTH TABLE

ERASE WR ITE READ HOLD INHIBIT

CHIP SELECT Cs ~~~ ~~~ V~5 V55 VCC 
-

CONTROL 1 C1 ~~~ Vcc ~~~ DON’T
_____________ _______ _______ _________ __________ 

CARE
CON’rROL

2 C2 V55 ~~~ ~~~ DON’T

____________ 
CARE —

-

-

I
-

~~~1iI L - -  -. 
___________ 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ DA T A l~~ OUT C~~ CUITS

— 
ISOLATION WELL o

i t

2 2 TRANSISTOR/BIT
r.1__ 32 MEMORY ARRAY ~ 140 MILS

(4)
T w 2

C
0~~~~~~~~~~

0

1— 16X2 

— 
iii

D

DATA IN/OUT CIRCUITS

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

15O MILS 
—

FUNCTION NO. OF PINS NOTES

DATA IN/OUT 16 CMOS COMPATIBLE 5 1 0  VOLT SUPPLY
ADDRESS 5 CMOS COMPATIBLE 5/10 VOLT SUPPLY
MODE COI4JTROL 3 CMOS COMPATIBLE 5 - 1 0  VOLT SUPPLY
CLOCK 1 CMOS COMPATIBLE 5/ 10 VOLT SUPPLY
SUBSTRATE 1 5 + .5 VOLTS @ 8  MA NOMINAL

* 
I 41 O~~ .5 VOLTS}

POWER SUPPLY 1 28 1 .5 VOLTS @ 8  MA NOMINAL

~~(24 4 1.5 VOLTS )
GROUND 1

- 
• 28

Figure 4. EROM Block Diagram
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